In this work, by use of a formalism similar to formalism of the quantum Zeno effect (decrease of the decay probability of an unstable quantum system by frequent measurements) and quantum anti-Zeno effect (increase of the decay probability of an unstable quantum system by frequent measurements), we introduce so-called quantum Hamlet effect. It represents a complete destruction of the quantum predictions on the decay probability of an unstable quantum system by frequent measurement. Precisely, by means of some especial, correctly defined, frequent measurements, decay probability of an unstable quantum system can behave as a divergent series without any definite value. In this way there is quantum mechanically completely unsolvable "Hamlet dilemma", to decay or not to decay.
decay probability of an unstable quantum system by frequent measurements. On the contrary, quantum anti-Zeno effect [2] describes increase of the decay probability of an unstable quantum system by frequent measurements. In this work we shall use Feynman example of the ammonia molecule as a quantum oscillator [3] and give a simple, analogous formulation of the quantum Zeno effect and quantum anti-Zeno effect. Moreover, we shall introduce so-called quantum Hamlet effect. It represents a complete destruction of the quantum predictions on decay probability of an unstable quantum system by frequent measurements. Precisely, by means of some especial, correctly defined, frequent measurements, decay probability of an unstable quantum system can behave as a divergent series without any definite value. In this way there is quantum mechanically completely unsolvable "Hamlet dilemma", to decay or not to decay. Feynman [3] suggested a simple example where ammonia, NH 3 , molecule is presented as a quantum oscillator in some aspects similar to classical oscillating systems. Roughly speaking, in the sense of the classical physical intuition, it can be formally stated that N atom, as a lift-boy, oscillates across H atoms triangle, between maximal "up" |1 > and maximal "down" |2 > position. If N atom is initially in the "up" position, it in the quarter of the oscillating period appears in the "down" position. All this, during the first quarter of the oscillating period, is conceptually analogous to decay of an unstable quantum system. "Up" position corresponds formally to undecayed state, while "down" position corresponds to decayed state. For this reason ammonia molecule can be useful as a simple example for quantum Zeno and quantum anti-Zeno effect demonstration.
Consider quantum state of the ammonia molecule in a small time interval [0, t] (significantly smaller than oscillating period quarter T/4) that admits second order Taylor expansion approximation of given state
where ω = 2π T represents the circular frequency. Probability that ammonia molecule in the time moment t be detected in the state |1 > equals
Suppose now that the following is satisfied
where t 0 and τ represent two, mutually dependent, time variables. Introduction of (3) in (2) yields
Chose a natural number n. Suppose that ammonia molecule quantum dynamically evolves from initial time moment 0 till time moment t 0 + τ n when detection (measurement) of the state "up" or "down" occurs. If state "up" be detected then described procedure will be repeated etc. Since all detections are mutually independent, probability that ammonia molecule, i.e. N atom, has been n times in series detected in "up" state equals, as it is not hard to see,
(5) For t 0 = 0 (5) turns out in
which, further, for n ≫ 1 , i.e. in limit n → ∞, turns out in
It obviously, corresponds to quantum Zeno effect [1] . For t 0 > 0 and for sufficiently large n (5) turns out in
It obviously, corresponds to quantum anti-Zeno effect [2].
Suppose again t 0 = 0 while [0, τ ] stands a small time interval during which, as well as during any its smaller time sub-interval, second order Taylor expansion approximation of the quantum state of ammonia molecule (1) can be realized.
Suppose that ammonia molecule dynamically evolves from initial time moment 0 till time moment τ 1 when detection of the state "up" or "down" occurs. If state "up" be detected then described procedure will be repeated, but now detection will be realized in the time moment . If again state "up" be detected then described procedure will be repeated, but now detection will be realized in the time moment , etc. Since all detections are mutually independent, probability that ammonia molecule, i.e. N atom, has been n times in series detected in "up" state equals, as it is not hard to see,
(10) Expression (10) represents a very interesting result. Namely, quantum mechanical dynamics of the ammonia molecule (3) is correctly approximately defined for any time interval [0, (we here do not consider Heisenberg time-energy uncertainty relation effects). In this way, we correctly use all propositions of the standard quantum mechanical formalism for probability (10) determination. Nevertheless, it is well known that series n k=1 1 k diverges in the limit when n tends toward infinity. For this reason, in the same limit, i.e. when n tends toward infinity, expression (10) does not hold any definite value, or it does not represent any regular probability.
Obtained effect we shall call quantum Hamlet effect. It, generally speaking, represents a complete destruction of the quantum predictions on decay probability of an unstable quantum system by frequent measurements. Precisely, by means of some especial, correctly defined, frequent measurements, decay probability of an unstable quantum system behaves as a divergent series without any definite value. In this way there is quantum mechanically completely unsolvable "Hamlet dilemma", to decay or not to decay.
Finally, it is very important to be pointed out that quantum Hamlet effect does not represent any paradox for standard quantum mechanical formalism. On the contrary, real basis of the standard quantum mechanical formalism is sharp competition or complementarity between quantum mechanical dynamical evolution and measurement. This competition is expressed in the quantum Zeno effect by quantum dynamical evolution inhibition, in the quantum anti-Zeno effect -by quantum dynamical evolution acceleration, while in the quantum Hamlet effect it is expressed in a total destruction of any quantum dynamical effect.
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